Aims: To investigate the use of a worker based methodology to assess the physical stresses of lifting tasks on effort expended, and to associate this loading with musculoskeletal outcomes (MO). Methods: A cross sectional study was conducted on 217 male manual handling workers from the Hong Kong area. The effects of four lifting variables (weight of load, horizontal distance, twisting angle, and vertical travel distance) on effort were examined using a linguistic approach (that is, characterising variables in descriptors such as ''heavy'' for weight of load). The numerical interpretations of linguistic descriptors were established. In addition, the associations between on the job effort and MO were investigated for 10 body regions including the spine, and both upper and lower extremities. Results: MO were prevalent in multiple body regions (range 12-58%); effort was significantly associated with MO in 8 of 10 body regions (odds ratios with age adjusted ranged from 1.31 for low back to 1.71 for elbows and forearm). The lifting task variables had significant effects on effort, with the weight of load having twice the effect of other variables; each linguistic descriptor was better described by a range of numerical values rather than a single numerical value. Conclusions: The participatory worker based approach on musculoskeletal outcomes is a promising methodology. Further testing of this approach is recommended.
L ower back pain (LBP) is a complex disorder that is influenced by numerous factors in the workplace. This complexity arises because many physical and nonphysical work factors simultaneously impact multiple biological functions in the human body. This in turn may create biological dysfunction leading to LBP. About 97% of occupationally related LBP are labelled ''non-specific'' because of this complexity. 1 To date, medical practitioners rely on the patient's symptoms of ''aches, pains, and discomfort'' in order to diagnose the occupational problem at hand. Therefore, until the biologically complex relation between work factors and LBP is fully understood, it is logical to rely on the self reports made by workers to determine the extent of physical loading on the spine leading to LBP.
Manual lifting is an activity commonly performed in the workplace that is closely linked to LBP. It has been shown in a number of investigations that objective measures of physical loading are significantly associated with musculoskeletal outcomes in the lower back region. [2] [3] [4] [5] Manual handling work may also result in musculoskeletal symptoms in other body regions. Leboeuf-Yde and colleagues 6 reported combined lower back and neck problems in the general population. In the working population, Holmstrom and colleagues 7 found combined lower back, hip, and knee problems among construction workers. Since the documentation of musculoskeletal symptoms in the workplace depends on self reports made by workers, it is essential to utilise workers in the evaluation of work related factors and in the formulation of intervention strategies for the purpose of controlling the incidence of musculoskeletal symptoms. While self reported evaluations are commonly used in assessing the exposure of risk factors at the workplaces, [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] to our knowledge, a worker based methodology has not been fully developed in assessing the physical stresses of the lifting task variables and to associate this loading with musculoskeletal outcomes. This approach is participatory in that it requires worker feedback as input and therefore enables the worker (that is, patient) to play an active role in the health assessment process. Such a methodology would be extremely valuable to the medical practitioner in order to diagnose and treat LBP. This does not necessarily mean that the medical practitioner has to rely solely on worker based reports. However, such information would be an important element in an array of data to assess LBP until new biological indicators are found. This is the subject of the research reported in this paper.
The objectives of this study were to examine the relation between effort and lifting task parameters and to model musculoskeletal symptoms in different body regions as a function of the effort expended during the performance of industrial manual lifting tasks. The model adopted in this study is depicted in fig 1 and consists of two parts. In the first part, effort was a function of four lifting task parameters: weight of load, horizontal distance, twisting angle (or angle of asymmetry), and vertical travel distance. These four lifting task parameters were defined according to the NIOSH lifting equation and are recognised as important factors for the assessment of infrequent lifting activities. 21 In this study, both effort and lifting task factors were defined in linguistic descriptors. For example, weight of load was quantified in terms of three linguistic levels: ''light'', ''moderate'', and ''heavy''. Thus, each worker was presented with lifting conditions (as a function of four lifting variables) in linguistic terms. The worker was then asked to evaluate the effort associated with the lifting condition in linguistic terms. In addition, the linguistic-numerical mapping of each lifting task factor was established. For example, the worker was asked to determine the range in kg which he was 100% certain belonged to a ''light'' load. In the second part, the worker was asked, in a cross sectional design, to determine on the job effort level and the corresponding musculoskeletal symptoms in 10 body parts. As such, the musculoskeletal This study was conducted on a group of experienced manual handling workers in the Hong Kong area. The reliability and validity of the linguistic and linguisticnumerical approaches and its application in the field study have been established by Yeung and colleagues.
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METHODS
Study design and population A worker participatory approach was adopted in this cross sectional study. Two hundred and seventeen male workers (mean (SD) age 38.76 (11.53) years), from three major industries-warehouse operations, delivery services, and manufacturing-volunteered to participate in this study. All participants were experienced manual handling workers with 8.65 (10.21) years of experience in manual lifting.
Data collection procedures
A structured interview, which followed a set of standardised questionnaires, was conducted at the workers' respective companies by the same investigator. Data collection procedures consisted of two parts. The first part was the evaluation of the effects of lifting task parameters on perceived physical effort, and assessment of the numerical meaning of the linguistic descriptors used to describe the lifting task parameters. The second part dealt with the lifting task demands at work and work outcomes. Data collection was conducted at the workers' workplace at a time convenient to both the management and the workers. The entire data collection procedures took about 90 minutes to complete for each worker.
Assessment of lifting task parameters effects on physical effort (part 1 of model in fig 1) The interactive effects of five lifting variables on the amount of physical effort exerted were evaluated by a structured interview, with a set of standardised questionnaires to the workers. The lifting variables were operationally defined as those described in the revised NIOSH lifting equation, 21 and quantified with three levels of linguistic descriptor: (1) weight of load (light, moderate, heavy); (2) horizontal distance (close, moderate, far); (3) twisting angle (small, moderate, large); (4) vertical travel distance (short, moderate, long); and (5) vertical height location at origin of lift (floor or waist level). These conditions were presented to the worker in a standardised format. Workers were asked to assess the level of each effort using one of the following levels: ''very low'', ''low'', ''moderate'', ''somewhat high'', ''high'', ''very high'', and ''extremely high''.
Assessment of the numerical meaning of the linguistic descriptors To map the numerical meaning of each linguistic descriptor (for example, ''light'', ''moderate'', ''heavy'') used by the workers in characterising lifting task parameters, they were asked to determine the physical meaning of each linguistic descriptor by marking on a scale a range of which he is 100% certain that it corresponds to the specific level of the linguistic descriptor. They were instructed that each lifting task parameter might consist of more linguistic descriptors than those assigned in the study. For example, the weight of load can be quantified using any of the following descriptors: ''extremely light'', ''very, very light'', ''very light'', ''light'', N Future research should be directed to develop musculoskeletal outcome profiles for different body regions in order to fully evaluate the effects of lifting task demands. Figure 1 Model adopted in the study.
Worker based assessment of physical stresses associated with lifting tasks''moderate'', ''heavy'', ''very heavy'', ''very, very heavy'', and ''extremely heavy''. However, they were required only to assess the weight of load in terms of the three middle descriptors-that is, ''light'', ''moderate'', and ''heavy''.
Exposure classification and assessment of work outcomes (part 2 of model in fig 1) Workers' exposure to the lifting tasks demand at work was evaluated. Similar to the determination of the physical effort associated with the lifting task parameters, the workers were asked to use one of the following descriptors: ''very low'', ''low'', ''moderate'', ''somewhat high'', ''high'', ''very high'', and ''extremely high'' that best described the perceived effort at work.
Musculoskeletal outcomes were used as the outcome measure for the lifting tasks exposure. The Nordic Musculoskeletal Symptom Survey 26 was used to document the presence or absence of any ''aches, pains, or discomforts'' in 10 body regions within the past 12 months. The 10 body regions are: lower back, upper back, hips/upper legs, knees/ lower legs, ankles/feet, neck, shoulders, elbows/forearms, wrists/hands, and fingers.
Statistical analysis
To achieve the objectives of this study, the data collected were subjected to a number of statistical analyses. The relation between lifting task parameters and effort were first examined using PROC MIXED of the Statistical Analysis Software. 27 This procedure is particularly suited for the repeated design employed in this study and the possible correlation among the different observations. Based on the results of the main effect model, a new variable was created to categorise the 81 lifting conditions into 11 groups. The main effect model revealed that the effect of the two height locations on the evaluation of effort is practically no different, and from the point estimate, weight of load has almost twice the effect on effort as that of horizontal distance, twisting angle, and vertical travel distance. The point estimates of horizontal distance, twisting angle, and vertical travel distance are nearly the same. Thus, the new variable was created with similar loading to horizontal distance, twisting angle, vertical distance, and loading of 2 to weight of load.
Frequency distributions were also developed describing the linguistic-numerical mapping for each lifting task parameter. The frequency distributions were calculated in two steps. First, the proportions of participants reporting a certain numerical value of a lifting task parameter were calculated for the three linguistic descriptors. For example, 10 kg was reported as ''light'' by 28% of the participants, ''moderate'' by 35% of the subjects, and ''heavy'' by 0% of the subject population. Second, the proportions obtained for different values within the numerical range of each task parameter were graphed for the three linguistic descriptors.
The relation between effort and musculoskeletal symptoms was investigated for 10 body regions using the PROC LOGISTIC procedure of the Statistical Analysis Software. The musculoskeletal symptoms were modelled as a binary variable (0 for absence of symptoms and 1 for absence of symptoms). Possible confounders of age, education level, and perceived fitness levels on perceived effort were tested with these variables as covariates and adjusted accordingly. Hosmer and Lemeshow lack of fit tests were used to test for goodness of fit of the models. Table 1 shows the main effect model used to classify the 81 lifting conditions into the 11 groups. The possible lifting conditions that belong to each of this group are summarised in the appendix. The number of lifting conditions belonging to each group ranged from 1 to 14; five groups had clusters of more than 10 lifting conditions in each group. Table 2 shows the frequency distribution on each linguistic levels of effort for the 11 lifting groups. Thus, it is possible to examine the effort distribution for each group and to determine the effort value with some level of certainty ranging from 0.0 to 1.0.
RESULTS
The following observations can be made about the linguistic-numerical mapping:
N The distribution for the middle and upper descriptors (for example, ''moderate'', ''heavy'', ''far'') are almost normally distributed with skewness less than 1 (table 3) . However, the lower descriptors (for example, ''low'', ''short'') are in general skewed, with skewness ranging from 1.12 to 1.98 (table 3) . Thus, the numerical range of ''low'' levels of descriptors was smaller than that for the N A given numerical value for a lifting task parameter translates to different linguistic interpretations with a given certainty factor (frequency of occurrence). For example, a 20 kg load is viewed by 55% of the participants as ''heavy'', by 14% as ''moderate'', and by 0% as ''light''. On the other hand, a 4 kg load is considered as ''light'' by 90% of the workers; none of the workers determined that the 4 kg load is either ''moderate'' or ''heavy'' (fig 2) . Table 4 shows that the prevalence rates of musculoskeletal symptoms were in excess of 20% for nine of the ten body regions examined. The prevalence rate of finger symptoms was at 12%. These values show that the musculoskeletal symptoms are not only prevalent in the lower back region, but also in other body regions such as the shoulders, neck, and upper back which showed prevalence rates in excess of 30%. Significant associations were obtained between effort and musculoskeletal symptoms in eight body regions (table 5) . The statistical associations were not significant for the hips/ upper legs and knees/lower legs. The significant odds ratios (age adjusted) ranged between 1.31 (for the lower back) and 1.71 (for elbows and forearms). Other worker demographics and behavioural data, including perceived physical fitness level, education level, and work experience did not influence the musculoskeletal outcomes after adjustment for age. Hosmer and Lemeshow lack of fit tests revealed goodness of fit in these models (p = 0.30-0.89). When the perceived physical effort at work is ''very low'', the respective Worker based assessment of physical stresses associated with lifting tasksprevalence rates for the 10 body regions are: lower back, 67%; neck, 33%; shoulder, 33%; hands and wrists, 13%; and nil for other body regions. Table 6 summarises the odds ratios of the musculoskeletal symptoms at the eight body regions for the 11 lifting groups compared to ''very low'' effort.
DISCUSSION
Direct measurements, systematic observations, and self reported evaluation are the three main strategies used in assessing the exposure of risk factors at the workplace.
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Since lifting has been identified as the main risk factor for LBP, evaluation has been focused on the direct measurement of the exposure of risks in different lifting conditions. Many of these investigations reported significant associations between the physical demands of manual lifting activities and musculoskeletal outcomes in the lower back region.
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However, these studies emphasised musculoskeletal outcomes in the lower back region. Very little, however, is known about musculoskeletal outcomes in other body regions. Such information would be helpful to the medical practitioner in order to understand the full impact of lifting task variables on multiple body parts. Although these studies advanced our knowledge in this respective area, none of these investigations made use of participatory approaches, which include worker based methodologies. In particular, the Lifting Index of the NIOSH Lifting Equation relied on the expertise of its committee members in the absence of data available in the scientific literature. 21 Worker expertise in the assessment of the physical demands of lifting activities can be considered analogous to the expertise that NIOSH employed in its establishment of the Lifting Equation.
Medical practitioners are largely dependent on the patient's (that is, worker's) reports of musculoskeletal symptoms to make their diagnosis.
This study was conducted in order to investigate a worker based methodology in the assessment of lifting task demands in addition to the evaluation of musculoskeletal outcomes in multiple body regions. Workers' self reported evaluation is the most common approach in epidemiological studies. 29 30 Among these, a checklist is commonly used in the evaluation of the stressfulness of lifting jobs at the workplace. [13] [14] [15] [16] [17] [18] [19] [20] In the design of the checklist based approach, researchers either use descriptive values [13] [14] [15] [16] [17] (for example, high and low), or numerical scores [18] [19] [20] (for example, 10-15 kg) to each item, but not both. The linguistic approach in this study is novel in that it takes into account both the linguistic and numerical representation of the lifting task parameters.
The prevalence rates of musculoskeletal symptoms reported in this study clearly suggest that workers are experiencing aches, pains, and discomfort in not only the lower back area, but also in multiple body parts. In particular, the prevalence rates in the upper back, neck, shoulders, hips/ upper legs, and ankles/feet ranged between 27% and 39%.
Further analyses indicate that every two to three reports of lower back cases were accompanied with at least one case of aches/pains/discomfort in the aforementioned body parts. Moreover, the significant associations between on the job effort and musculoskeletal outcomes in eight body parts revealed increased odds of musculoskeletal symptoms with increase perceived level of effort at work. Thus, it is recommended in future studies to develop musculoskeletal outcome profiles for different body regions in order to fully evaluate the effects of lifting task demands. It has to be noted that prevalence rate of lower back symptoms is high (67%), even when the on the job effort evaluated by the workers is ''very low''. This possibly indicates that workers with lower levels of physical fitness or history of back injury had already been placed on work tasks with lower physical demands. Nonetheless, the high prevalence rate even at ''very low'' physical demand task clearly suggests that lower back symptoms are common in work life, and besides physical factors, other variables such as psychosocial factors 31 32 may mediate the proliferation of lower back symptoms.
The findings of this worker based methodology support earlier research on the role of lifting task parameters in effort exertion. The four lifting variables examined in this study (defined according to those in the NIOSH Lifting Equation) were significantly associated with effort. In particular, the results recognise the relative importance of weight of load in comparison to other task parameters. This is consistent with the published literature (for example, NIOSH used weight of load in the numerator of the Lifting Index). Our study suggests that the workers considered effect of weight of load on perceived effort is almost twice the effect of other parameters. There are only minor differences among the effects of horizontal distance, twisting angle, and vertical travel distance on perceived effort rated by the workers. This is somewhat in disagreement with the guidelines instituted in the discounting of lifting task multipliers. 33 For example, the maximum discounting of horizontal distance multiplier was clearly much more significant than that of twisting angle multiplier. This disagreement may be attributed to, among other things, the different criteria utilised in the derivation of these multipliers. However, the study findings are in agreement with our pilot studies on both expert workers and professionals. 22 34 35 In this study, the effects of 81 lifting conditions on the effort expended by 217 workers were classified into 11 distinct groups. When lifting variables were assigned the highest levels of linguistic descriptors, this single lifting condition stood out as the most demanding physical requirement. The next group consisted of ''heavy'' weights and two ''high'' linguistic descriptors of two other variables, with the last variable assuming ''moderate'' levels. The third group from the top consisted of: (1) three ''high'' levels (including weight) and ''low'' on the fourth variable; (2) two ''high'' levels (including weight of load) and two ''moderate'' levels; and (3) ''high'' levels for horizontal distance/twisting angle/vertical travel distance and ''moderate'' weight level. The aforementioned discussion clearly shows the influential role of weight of load in the effort expended during manual lifting tasks. The physical interpretation of the linguistic descriptor is a strategy used to map the physical meaning of the linguistic descriptors used by the workers. Thus, the linguistic variable has a wider context and application. Figures 2-5 provide the numerical interpretations of linguistic descriptors employed in this study. A number of observations can be made from these graphs. A linguistic descriptor is not mapped into a single numerical value. It is better described as a range of numerical values with varied degrees of proportion distribution as shown in these figures. Furthermore, a given numerical value might not necessary belong to only one linguistic descriptor. The degree of certainty of that numerical value which belongs to a particular linguistic descriptor is a function of the frequency distribution. Around or close to the limits of numerical ranges, the worker population sampled in this study is more certain about the meaning of ''low'' and ''high'' linguistic descriptors. However, in between the limits, each numerical value may belong to each of the three linguistic descriptors with a degree of certainty bounded between 0.0 and 1.0. This characteristic of human interpretation of linguistic descriptors might probably explain why the reliability and validity of worker based evaluation provided mix results in the literature. For instance, Pope and colleagues 18 found that workers had great difficulties in estimating the frequency of manual activities in absolute value. However, when a four point ordinal scale was used to document the frequency of manual activities at work, the degree of agreement between self reported and observed frequency was satisfied (r = 0.70). Recently, Halpern and colleagues 16 further suggested the use of non-linear or asymmetric scales in risk factor questionnaire design to capture workers' sensory threshold and perceived exertion.
The results of this study strongly suggest that further investigation of the worker based methodology is warranted. This methodology could be applied in the workplace or as a form of a practical health assessment instrument for the medical practitioner. The participatory worker based methodology is data driven as the input variables for analysis are described by the worker. The database developed by this worker based assessment might serve both as the linguistic and numerical guidelines for the evaluation of manual lifting task at the workplace. The frequency distribution database is usually friendly and can be easily applied by the managers and supervisors at the workplace. For instance, in determining the weight of load that the workers can handle at the workplace, the supervisors can refer to the database to determine the percentile of accommodation for a specific weight of load.
When the worker's health is assessed in a medical setting, the data collected relative to work activities and musculoskeletal symptoms could be input to a ''Smart'' software program. The software could then apply the methodology and output the results to the medical practitioner. The medical practitioner could use the output from the ''Smart'' software to facilitate the diagnosis and treatment of MO in manual handling workers. For short term assessment, the software serves to identify which lifting task parameters should be modified to alleviate symptoms of any given MO the worker is currently experiencing. For example, consider the case of a manual handling worker experiencing LBP after changing jobs. He is not sure if the symptoms are due to a medical history of mild LBP or his new work activities. Although he does not feel he is expending significantly more effort in this Table 6 Effort distribution and odds ratios of musculoskeletal symptoms relative to the ''very low'' effort for the 11 job relative to his last one, he is experiencing moderate LBP. The worker's new task parameters may be input to the Smart software program to evaluate whether his current work conditions put him at a high risk of injury. With the information output, the medical practitioner can then advise the worker on how to modify the task parameters to alleviate his symptoms. Conversely, the software can also rule out the current lifting task conditions as the source of the problem. The Smart software program results can also be used to guide long term care of MO. The results could identify body regions at future risk and thus guide the medical practitioner in preventative efforts. For example, in the case of the worker discussed previously, the software may identify him as being at risk for symptoms in other body parts if his current work conditions continue unchanged. With this knowledge, the medical practitioner could advise the worker of the possible MO, recommend action to prevent them, and then monitor the health of these other body parts in future visits.
As the worker can best describe the work system and the medical practitioner can best diagnose and prescribe treatment, the participatory worker based approach allows the two participants to become partners in the health care process, with the Smart software acting as the bridge between their respective areas of expertise. As such, the worker based methodology applied through the Smart software empowers both the worker and the medical practitioner. While the Smart program facilitates interaction between the clinicians and workers, workers' privacy and confidentiality have to be noted. Effort and care has to be taken to ensure the confidentiality of the workers' record in this Smart software. The data should only be entered by authorised personnel, and stringent security procedures should be in place to prevent unauthorised access of the program.
It has to be noted that the present investigation was based on male workers. Application of the database to female workers needs to be exercised with caution. A cross sectional design was used to investigate the association between perceived effort and musculoskeletal symptoms. Thus, causality cannot be established from these findings. Further research should be focused on testing this methodology on musculoskeletal outcomes in a prospective design on the same group of workers, and also on female workers.
